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Background: Hydraulic fracturing to extract natural gas from shale rock is a new, rapidly expanding industry in the 
United States (US). However, there is concern that these operations could be having large negative impacts such as 
groundwater contamination, increased air pollution and seismic events. The United Kingdom (UK) is looking at the 
potential for emulating the success of ‘shale gas’ in the US. Differences in population density and geological condi-
tions mean that the public health impacts recorded in the US cannot be directly extrapolated to the UK. There is lim-
ited academic literature available but findings suggest that the UK government is not fully recognising the inherent 
risks of hydraulic fracturing exposed by this literature. Government reports suggest a reliance on engineering solu-
tions and better practice to overcome problems found in the US when evidence suggests that there are inherent risks 
and impacts that cannot be eliminated.
Results: This study applies US results to approximate the impact of one exposure pathway, inhalation of hydrocar-
bons by the public from operational air emissions over the 30 year lifetime of a well and finds that 7.2 extra cancer 
cases from exposure to air contamination would be expected in the UK if all test sites, approved test sites and test 
sites awaiting approval as of January 2015 went on to extract gas.
Conclusions: In conclusion, limited assessment of the public health implications of hydraulic fracturing operations 
is available but the UK government appears to not be applying the precautionary principle to potentially significant 
legislation.
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Background
Over the past decade, technological advances have led 
to a dramatic increase in the use of hydraulic fracturing 
(fracking) to extract natural gas from shale rock in the 
United States of America (US) [1–4]. Other countries are 
now considering exploiting their own reserves of shale 
gas. Some, such as France and Bulgaria have already 
banned fracking, but others, including the United King-
dom (UK), South Africa and Poland are keen to exploit 
their resources [3]. There exist only a small number of 
studies conducted in the US investigating the public 
health impacts of fracking that can be used to assist the 
creation of legislation [1, 2, 5–8].
The UK is currently exploring its potential for shale 
gas extraction and the government has passed legislation 
that allows fracking operations [3, 9–12]. In January 2015 
the UK government voted against suspending all frack-
ing activity while an environmental assessment is carried 
out. The government did concede some ground; how-
ever; fracking is now banned in National Parks and other 
areas of natural interest. The Scottish government used its 
devolved power to vote against the national UK govern-
ment for an indefinite moratorium on fracking in Scotland.
Currently in the UK, there is wide debate on whether 
the country should exploit its shale gas reserves or not. 
There are many reasons given for wider exploitation, 
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including regional and national economic growth, 
increased domestic energy security, increased employ-
ment opportunities and prospects and reduced domestic 
carbon dioxide emissions when natural gas displaces the 
need for using oil and coal in electricity generation [3, 
7, 9–11, 13–15]. Conversely, many arguments are made 
against fracking, such as concerns about seismic activ-
ity, air pollution, groundwater contamination and public 
health [3, 4, 7, 16–18].
The current UK government supports fracking and 
predicts that it will have huge potential for increasing the 
supply of domestic natural gas [7, 19]. This attitude has 
been criticised by McGlade et  al. [17] in the UK Energy 
Research Centres’ latest report which suggests that there 
is little evidence backing up the government’s claims about 
the total UK reserve of shale gas and that gas will only be a 
small part of future energy supplies. Government reports 
conclude that there is no significant risk to human health 
posed by shale gas, but this position assumes that best 
practice is followed at all times and that engineering solu-
tions resolve all public health issues reported in the US [7, 
12–14, 16]. For instance, the Public Health England report 
by Kibble et  al. [12] concluded that, based on available 
information, health risks are low if the industry is properly 
regulated and best practise is observed [9]. The conclu-
sions drawn by Kibble et al. [12] are not consistent with the 
literature; however, public health impacts have been asso-
ciated with US fracking activity and further, the authors do 
not account for the differences in UK population density 
and geology [1, 6, 7, 16]. This means that Public Health 
England is assuming all reported health risks can be over-
come by regulation and engineering.
Many scientific studies conclude that the chemicals 
used or emitted during the fracking process are nega-
tively impacting the health of nearby human populations 
[1, 2, 5, 8, 20]. The number of people exposed to air emis-
sions from well operations is growing in the US because 
it is becoming increasingly common for fracking sites to 
be situated near to where people live and work [1, 5, 6, 8, 
20]. Due to the Energy Policy Act of 2005, operators in 
the US are not obliged to disclose information about the 
chemicals they use in the fracking process, which means 
it is hard to predict potential public health impacts [2–
4, 7]. Although these chemicals comprise only 1  % of 
the total fracturing fluid volume, some are known to be 
toxic even in small doses and cause negative short-term 
and long-term health effects, such as formaldehyde, die-
sel and naphthalene; also, there are other chemicals used 
that we know little about [1, 2, 20]. Natural gas itself is 
comprised of many chemicals: it is predominantly meth-
ane but can also contain alkanes, benzene and other aro-
matic hydrocarbons [1, 9]. Toxic chemicals, including 
arsenic and lead, exist naturally in shale rock and they are 
extracted along with the natural gas which threatens the 
quality of local groundwater [2].
Groundwater contamination, surface spills of fractur-
ing fluid, air emissions and faults in offsite disposal of 
contaminated water are all examples of problems that 
can develop into human exposure pathways [1–3, 5, 13, 
21, 22]. For example, the inhalation of hydrocarbons due 
to air emissions from gas extraction has been reported to 
cause headaches, fatigue, temporary limb paralysis and 
unconsciousness depending on the level of exposure [1, 
5]. Air emissions from fracking operations include ozone, 
volatile organic compounds (VOCs), particulate matter 
and nitrous oxides, all of which are known to negatively 
impact health [2, 6, 13, 20]. Exposure to harmful chemi-
cals due to fracking activity cannot be eliminated through 
regulation as there are technological and economic limi-
tations to the treatment of emissions into the air, into 
groundwater and from waste; thus fracking is an inher-
ently risky process in terms of human health [3, 5].
A study by McKenzie et al. [1] found that residents who 
live closer to wells have a higher risk (unquantified) of 
experiencing negative respiratory, neurological and repro-
ductive health impacts from air emissions caused by frack-
ing operations. Residents living within half a mile of well 
sites were found to have an excess cancer risk of 10 in a 
million averaged over a lifetime of 70 years from a chronic 
30-year exposure to a fracking well [1]. The risk to resi-
dents living over half a mile away is six in a million; there-
fore, residents who live closer to well sites have a cancer 
risk 1.67 times higher than those living further away [1]. 
For comparison, research suggests that those exposed to 
high levels of air pollution rather than low levels are 1.5 
times more likely to have cancer, and workplace environ-
mental exposure to tobacco smoke increases the risk of 
lung cancer in adult women and men by 1.15 and 1.28, 
respectively [23]. The inhalation of benzene, a constituent 
of natural gas, was found to be the largest contributor to 
this risk in the study by McKenzie et al. [1, 5]. The results 
of this study will later feature in analysis of the potential 
impact on UK public health of the exposure pathway for 
inhaled hydrocarbons emitted by fracking operations.
Bunch et  al. [6] also studied the health impacts of 
fracking but focused on VOCs. The study concluded that 
increased exposure to VOCs with proximity to frack-
ing operations is not a health concern [6]. However, the 
study neglected to recognise that workers and residents 
are assigned different levels of acceptable risk in the US. 
Workers are assigned a higher acceptable risk level (1 
in 10,000) than residents (1 in 1,000,000) because they 
spend time in close proximity to the potentially harm-
ful exposure pathways by choice, rather than by circum-
stance [24]. This is an example of a false negative result 
which can ill-inform policymakers. Recognising this 
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difference would mean the study would have concluded 
that in some regions the general public were exposed to 
an unacceptable risk from VOCs by US standards.
Below, the future impact that fracking operations may 
have in the UK is estimated and discussed. This includes 
an investigation into the extent to which the UK govern-
ment is utilising existing scientific evidence when cre-
ating new fracking legislation and an estimation of the 
extra health costs to the UK using results based on the 
effects of air emissions of hydrocarbons in the US.
Results and discussion
Results of the calculations performed using the data 
sourced for this report and McKenzie et al.’s [1] work find 
that if all sites that have drilled wells for fracking, that have 
been approved for fracking and that are under consid-
eration for approval as of January 2015 commence frack-
ing operations (scenario 3), then the UK will experience 
approximately seven extra cancer cases caused by the inha-
lation of hydrocarbons from fracking operations (Table 1). 
The temporal unit of these cancer cases assumes an oper-
ational well lifetime of 30  years averaged over a default 
human lifetime of 70  years [1]. These calculations do not 
include an assessment of non-cancerous health effects or 
cancerous health effects caused by other pathways of expo-
sure and other chemicals. These results express an exam-
ple of one of the potential impacts that fracking operations 
could have on the UK. However, as discussed previously 
and below, results for US data cannot be directly applied 
to the UK, so these calculations are intended to only illus-
trate an idea of the potential public health impact that one 
exposure pathway may cause, not to be used as concrete 
evidence of possible future public health problems.
The UK has the opportunity to review existing scientific 
evidence from the US before passing legislation on frack-
ing. However, there are key differences between the two 
countries, which mean that US findings cannot be directly 
applied to the UK [13]. The UK is almost ten times more 
densely populated than the US, averages of 265 and 27 
people km−2, respectively [25]. Additionally, shale gas 
resources are spread much more thinly in the UK and 
geological conditions are not the same as US conditions, 
where there is also geological variability between different 
shale gas production sites [9, 13, 14, 26, 27]. One exam-
ple of differences in geological conditions at production 
sites which may alter the ability to extrapolate results is 
that shales in the US are exploited only if they have low 
proportions (<50 %) of clay minerals ‘to allow for success-
ful fracture stimulation’ [27] but the UK is known to have 
medium to high proportions of clay minerals [26, 27]. 
Another example is that there is no evidence of overpres-
sure in potential UK shales which means that well pro-
duction rates are likely to be much lower than quoted US 
figures [14]. Direct comparison between the two countries 
without caveats is inadvisable as US data cannot be accu-
rately extrapolated to fit UK scenarios and, therefore, UK 
policymaking should not be based solely on US figures.
In reviewing US evidence, however, UK government 
reports conclude that inherent risks found in US fracking 
operations can be overcome by regulation and engineering 
solutions. Not all fracking risks are due to bad regulation 
and procedure in the US: accidental spills, operational emis-
sions and cement or well casing failure are not entirely una-
voidable; these risks are inherent with the fracking process 
[4, 16]. For example, between 2010 and 2012 in Pennsylva-
nia, US, between six and seven per cent of well casings failed 
due to compromised structural integrity [28]. The UK regu-
lations claim to minimise the risks derived from fracking; 
however, in England and Wales there is no set minimum 
distance between industrial activity and populated areas [9, 
10, 19]. This ignores evidence that geographical distance is a 
key variable affecting cancerous and non-cancerous health 
effects in residents near fracking sites [1, 8, 20].
Assuming the precautionary principle, protection of 
public health should take precedence over enhancing its 
welfare through increased investment and employment 
opportunities [3, 4]. Uncertainty can inspire sometimes 
dangerous decisions to be made under false negative and, 
less commonly, false positive results [3, 29]. De Melo-
Martin et  al. [3] argue that this uncertainty means the 
potential benefits of a best-case scenario for fracking do 
not outweigh the potential costs of a worst-case scenario.
Table 1 Summary of estimations made to illustrate the potential impact of fracking operations in the UK
Description of three future potential fracking scenarios in the UK and the estimated additional cancer cases these scenarios may cause in the public. The additional 
cancer cases for each scenario were estimated using data from McKenzie et al. [1], the 2011 census in England, Wales and Northern Ireland and information from 
planning applications and fracking operators
Scenario Description Additional 
cancer cases
1 Includes all sites that have drilled wells for fracking use. Excludes sites where interest in fracking has been withdrawn 2.7
2 Includes previous + all sites that have approved planning permission to drill wells 6.7
3 Includes previous + all sites that are under planning consideration 7.2
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As previously discussed, potential exposure pathways and, 
therefore, health effects resulting from fracking activity can 
be reduced but never fully eradicated. The precautionary 
principle should be applied to avoid false negative results 
and conclusions, such as Bunch et  al. [6], becoming the 
premise of legislation. The UK is already applying ideas that 
improve upon the US framework in the fracking industry, 
such as compulsory disclosure of chemicals in use, but there 
are also many areas where legislation can be improved, for 
example setting a minimum distance between residential 
areas and fracking operations [9]. Medical professionals 
should be made aware of the effect of fracking on health. 
Continued monitoring and research should be carried out 
to reduce uncertainty and improve regulation of the frack-
ing industry [5]. However, the safest approach with regard 
to public health would be to dismiss fracking as a viable 
option and promote energy technologies that are known to 
have less of an impact on human health [3].
Conclusions
The academic literature related to fracking and public 
health is very limited. There are uncertainties and difficul-
ties in applying results from the US to the UK which means 
that precaution should be taken when developing legisla-
tion and regulation of the fracking industry for the UK from 
US data. Some studies have found evidence that fracking is 
having a significant negative impact on local public health 
in the US [1, 6, 8]. Estimates using assumptions and US 
cancer risk data alone have suggested that if all sites that 
have been currently test drilled, approved for test drilling 
and under consideration for approval go on to exploit shale 
gas reserves, then approximately 7.2 excess public cancer 
cases will be caused by fracking operations over a default 
70-year human lifetime if the wells are in operation for 
30 years. This work considers the potential effect on public 
health of inhaling airborne hydrocarbons created by frack-
ing operations but does not discuss other possible impacts 
of fracking activity such as the contamination of ground-
water and seismic activity. The UK has acknowledged and 
developed upon issues seen in US regulation of fracking. 
However, too much emphasis is being placed on the sug-
gestion that engineering solutions and legislation can neu-
tralise the problems associated with fracking. It is not being 
acknowledged that there are inherent risks in the industry. 
Therefore, the conclusion can be made that the UK gov-
ernment is not fully recognising evidence in the literature 
when creating fracking legislation and regulations.
Methods
Data from the 2011 Census in England, Wales and 
Northern Ireland at the lowest area level were used to 
estimate the number of people residing within a ½ mile 
(0.8  km) and 10-mile (16  km) radius of sites that have 
experienced exploratory fracking activity, sites that have 
been approved for exploratory fracking and sites that are 
under consideration as of January 2015 [30, 31]. Informa-
tion on individual fracking locations was sourced from 
local authority planning applications and the websites of 
the operator companies. Unfortunately, as there are no 
comprehensive data set some sites may have been missed. 
For example, it has been widely reported that iGas have 
drilled test wells in England but exact locational infor-
mation could not be sourced [32]. As previously men-
tioned, there is no current potential for fracking activity 
in Scotland so it is not included in these scenarios. Also, 
sites that have previously been approved for test drilling 
and are located within the boundaries of National Parks 
have been discounted due to the new regulations men-
tioned previously. Finally, some sites have been drilled 
for exploration purposes, but the operator has then said 
that no further action will be taken to pursue a fracking 
licence, so these sites were also excluded from the analy-
sis. Table 2 describes all the sites included in this analysis.
Three scenarios of potential future fracking activity in 
the UK have been explored. Scenario 1 assumes that all 
sites that have been approved for exploratory drilling and 
have acted upon that approval will continue on to pro-
duce shale gas. Scenario 2 includes all sites from scenario 
1 and also those sites that have had drilling approval but 
not yet started operation. This scenario assumes that all 
these sites are explored and then all the operators apply 
for and are granted permission to and commence frack-
ing operations to exploit shale gas resources. Scenario 3 
includes all sites in scenario 2 and additionally all those 
that are currently under consideration for permission to 
drill test wells. This scenario assumes that all those under 
consideration go on to be fully operational shale gas 
extraction sites.
Table 1 describes three potential scenarios for future 
shale gas exploitation in the UK and shows the results 
of analysis using work by McKenzie et  al. [1] to esti-
mate excess cancer cases caused by each scenario. The 
values of excess lifetime cancer risk were determined 
using the US Environmental Protection Agency’s meth-
odology and ambient air sample data collected in Gar-
field County, Colorado, US [1]. The study examined the 
non-cancerous and cancerous effects of unconventional 
natural gas wells on local residents and, among other 
things, produced risk values for cancer in residents 
who were inhaling hydrocarbons in air emissions from 
gas operations. McKenzie et al. [1] concluded that fur-
ther study of this and other pathways of exposure was 
required in the US due to the nature of their findings. 
Their work was the only example found where the risk 
of certain public health effects had been calculated and 
numerically defined; this is the reason why the results of 
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McKenzie et al.’s [1] work were used as the basis of this 
assessment. However, the calculations performed using 
McKenzie et al.’s [1] results must be treated as estimates 
as the risk values of excess cancer cases from inhala-
tion exposure pathways in the US may not be the same 
as in the UK. Consequently, the calculations in this 
paper also take on the assumptions made in McKenzie 
et  al.’s [1] work as well as also assuming that popula-
tion density is uniform within each Civil Parish of the 
2011 Census. A further assumption is that the effects of 
emissions further than 10 miles from a fracking site are 
insignificant [8]: the calculations, therefore, assume uni-
form risk of excess cancer cases between ½ and 10 miles 
of fracking operations. A breakdown of the calculations 
is shown in Table 3.
Abbreviations
Fracking: hydraulic fracturing; US: United States of America; UK: United King-
dom; VOCs: volatile organic compounds.
Acknowledgments
I would like to thank Nicola Carslaw and Roman Ashauer for comments on 
earlier versions of this manuscript.
Competing interests
The author declares that she has no competing interests.
Received: 10 June 2015   Accepted: 20 October 2015
References
 1. McKenzie LM, Witter RZ, Newmans LS, Adgate JL (2012) Human health 
risk assessment of air emissions from development of unconventional 
natural gas resources. Sci Total Environ 424:79–87
 2. Rafferty MA, Limonik E (2013) Is shale gas drilling an energy solution or 
public health crisis? Public Health Nurs 30(5):454–462
 3. de Melo-Martin I, Hays J, Finkel ML (2014) The role of ethics in shale gas 
policies. Sci Total Environ 470:1114–1119
 4. Small MJ, Stern PC, Bomberg E, Christopherson SM, Goldstein BD, Israel 
AL et al (2014) Risks and risk governance in unconventional shale gas 
development. Environ Sci Technol 48(15):8289–8297
 5. Adgate JL, Goldstein BD, McKenzie LM (2014) Potential public health 
hazards, exposures and health effects from unconventional natural gas 
development. Environ Sci Technol 48(15):8307–8320
 6. Bunch AG, Perry CS, Abraham L, Wikoff DS, Tachovsky JA, Hixon JG et al 
(2014) Evaluation of impact of shale gas operations in the Barnett Shale 
region on volatile organic compounds in air and potential human health 
risks. Sci Total Environ 468:832–842
 7. Field RA, Soltis J, Murphy S (2014) Air quality concerns of unconven-
tional oil and natural gas production. Environ Sci Process Impacts. 
16(5):954–969
 8. McKenzie LM, Guo RX, Witter RZ, Savitz DA, Newman LS, Adgate JL (2014) 
Birth outcomes and maternal residential proximity to natural gas devel-
opment in rural Colorado. Environ Health Perspect 122(4):412–417
 9. DECC (2013) Developing onshore shale gas and oil—facts about ‘frack-
ing’. Department of Energy and Climate Change, London
 10. DECC (2014) Fracking UK shale: planning permission and communities. 
Department of Energy and Climate Change, London
 11. DECC (2014) Fracking UK shale: regulation and monitoring. Department 
of Energy and Climate Change, London
 12. Kibble A, Cabianca T, Daraktchieva Z, Gooding T, Smithard J, Kowalczyk G 
et al (2014) Review of the potential public health impacts of exposures 
to chemical and radioactive pollutants as a result of shale gas extraction. 
Public Health England, London
 13. Energy and Climate Change Committee (2011) Fifth report of session 
2010–2012: shale gas, vol I. House of Commons, London
 14. DECC (2012) The unconventional hydrocarbon resources of Britain’s 
onshore basins—shale gas. Department of Energy and Climate Change, 
London
 15. Parliamentary Office of Science and Technology.(2013) UK shale gas 
potential. http://www.parliament.uk/documents/post/ShaleGas_POST-
box.pdf. Accessed 06 Nov 2014
 16. Law A, Hays J, Shonkoff SB, Finkel ML (2014) Public Health England’s draft 
report on shale gas extraction. Br Med J 348:2728–2729
 17. McGlade C, Bradshaw M, Anandarajah G, Watson J, Ekins P (2014) A 
bridge to a low-carbon future? Modelling the long-term global potential 
of natural gas. United Kingdom Energy Research Institute, London
 18. Pakpoor J (2015) Health professionals call for urgent halt to fracking 
because of public health concerns. Br Med J 350:h1791
 19. DECC (2013) Strategic environmental assessment for further onshore 
oil and gas licensing: environmental report. Department of Energy and 
Climate Change, London
 20. Colborn T, Schultz K, Herrick L, Kwiatkowski C (2014) An exploratory 
study of air quality near natural gas operations. Hum Ecol Risk Assess 
20(1):86–105
 21. Moniz EJ, Jacoby HD, Meggs AJM, Armstrong RC, Cohn DR, Connors SR 
(2011) The future of natural gas: an interdisciplinary MIT study. Massachu-
setts Institute of Technology, Cambridge
 22. Llewellyn GT, Dorman F, Westland JL, Yoxtheimer D, Grieve P, Sowers T 
et al (2015) Evaluating a groundwater supply contamination incident 
attributed to Marcellus Shale gas development. Proc Natl Acad Sci 
112(20):6325–6330
 23. Boffetta P, Nyberg F (2003) Contribution of environmental factors to 
cancer risk. Br Med Bull 68(1):71–94
 24. US EPA (2015) Technology transfer network 2002 national-scale air toxics 
assessment: frequent questions. http://www.epa.gov/nata2002/natafaq.
html#B2. Accessed 30 Aug 2015
Table 3 Calculations of estimated public health impact of fracking in the UK
A breakdown of the calculations used to estimate the number of excess cancer cases that may be caused if fracking operations commence in the UK. The risk values 
were found from McKenzie et al. [1] and the population numbers are shown in Table 2
Site type Number of people  
living less than ½  
mile away
Risk Extra  
cancer 
cases
Number of people  
living between ½ 
and 10 miles away






Sites with drilled wells 1118.7 1 × 10−5 0.011 446,401.5 1 × 10−6 2.678 2.690
Site approved for drilling 1647.54 1 × 10−5 0.016 657,427.59 1 × 10−6 3.945 3.961
Sites under planning  
consideration
223.74 1 × 10−5 0.002 89,280.29 1 × 10−6 0.536 0.538
Page 7 of 7Reap  Environ Sci Eur  (2015) 27:27 
 25. World Bank (2014) Population density (people per sq. km of land area). 
http://data.worldbank.org/indicator/EN.POP.DNST. Accessed 17 Nov 2014
 26. Andrews IJ (2013) The Carboniferous Bowland Shale gas study: geology 
and resource estimation. British Geological Survey for DECC, London
 27. Monaghan AA (2014) The Carboniferous shales of the Midland Valley of 
Scotland: geology and resource estimation. British Geological Survey for 
DECC, London
 28. Ingraffea AR (2013) Fluid migration mechanisms due to faulty well design 
and/or construction: an overview and recent experiences in the Penn-
sylvania Marcellus Play. Physicians, Scientists and Engineers for Healthy 
Energy, United States
 29. European Environment Agency (2013) Late lessons from early warn-
ings: science, precaution, innovation. European Environment Agency, 
Denmark
 30. NISRA (2014) Census 2011 population tables Northern Ireland Statistics 
and Research Agency Belfast
 31. 2011 Census database. ONS, UK (2014) http://www.ons.gov.uk/ons/
guide-method/census/2011/census-data/ons-data-explorer–beta-/
index.html. Accessed 16 Nov 2014
 32. iGas (2015) Our operations. http://www.igasplc.com/our-operations/
where-we-operate. Accessed 26 May 2015
